INTRODUCTION
============

Several studies have revealed the effects of smoking on health. Smokers have a higher incidence of various diseases compared with nonsmokers, including numerous types of cancer, chronic lung disease, coronary artery disease, and cerebrovascular disease.[@b1-jomes-26-281] Furthermore, smokers are known to die prematurely, on average 10 years earlier than nonsmokers.[@b2-jomes-26-281]--[@b5-jomes-26-281]

Due to the outcomes mentioned above and several other risk factors, efforts are being made to induce smoking cessation in the form of cigarette advertising restrictions, tobacco price hikes, smoking cessation zones, and smoking cessation clinics. Consequently, according to the Korea National Statistical Office, the smoking rate has decreased by about 10%; from 35.2% in 1998 to 23.2% in 2013, and 70% of smokers want to quit the habit.[@b6-jomes-26-281] However, even if attempts are made to stop smoking, due to demographic, sociological, or environmental reasons, the actual success rate is only 3%--5%.[@b7-jomes-26-281]

Some studies state that smoking cessation may increase body weight.[@b8-jomes-26-281],[@b9-jomes-26-281] Various responsible mechanisms have been suggested for weight gain after smoking cessation, such as associated changes in the serum concentrations of the appetite hormones, leptin and ghrelin.[@b10-jomes-26-281] Moreover, the action of nicotine is associated with ineffective metabolic pathways of anabolic action in smokers compared to nonsmokers and is related to altering metabolic processes in a way that encourages energy consumption.[@b11-jomes-26-281] Smoking is a considerably greater health risk than that associated with weight gain. Nonetheless, weight gain after cessation cannot be ignored[@b12-jomes-26-281], particularly given concerns related to weight gain that may interfere with smoking cessation.[@b2-jomes-26-281],[@b10-jomes-26-281],[@b13-jomes-26-281],[@b14-jomes-26-281]

Weight gain after smoking cessation is influenced by body mass index (BMI), although this varies according to sociodemographic characteristics.[@b15-jomes-26-281] According to Krukowski et al.[@b15-jomes-26-281], weight gain after smoking cessation is significantly increased in normal weight and overweight people. Therefore, there is a need to consider BMI in relation to smoking cessation plans. However, there is little research on the difference in actual plans for smoking cessation between obese smokers and normal weight smokers.

This study investigated the association between smoking cessation plans and BMI in Korean adult smokers using epidemiological data from the sixth Korea National Health and Nutrition Examination Survey (KNHANES).

METHODS
=======

Study participants
------------------

This study retrospectively analyzed data from the sixth KNHANES VI-3 (2013--2015). Approval for the study was obtained from the research ethics committee of the Korea Centers for Disease Control and Prevention (IRB No. 2013-07CON-03-4C, 2013-12EXP-03-5C). The informed consent was waived.

Education levels and disease items were investigated through interviews; smoking, drinking, and exercise were assessed by self-report. The examination was conducted by direct measurement of the body by the investigator. Of the total respondents, 18,034 persons aged ≥19 years were included, of whom 3,028 were smokers. Fourteen patients with cancer were excluded. Also, smokers who did not respond to the questionnaire on smoking cessation and for whom height and weight were not measured were excluded. Thus, 3,000 smokers were included in the study.

Definitions of variables
------------------------

Participants were classified into four groups based on their BMI (body weight \[kg\]/square of height \[m^2^\]), according to the criteria of the World Health Organization's Asia-Pacific region and the Korean Society of Obesity. Thus, underweight (BMI, \<18.5 kg/m^2^), normal weight (BMI, ≥18.5 to \<23 kg/m^2^), overweight (BMI, ≥23 to \<25 kg/m^2^), and obese (BMI, ≥25 kg/m^2^) groups were established.

Participants that answered, "I plan to quit smoking within a month" and yes to, "Do you plan to quit smoking in the next month?" were categorized as having a smoking cessation plan. According to the fourth Health Plan 2020 (National Health Promotion Comprehensive Plan established in Korea every 5 years), high-risk drinking was defined as the consumption of more than seven drinks in one sitting (for men) or five drinks in one sitting (for women) more than twice a week. Aerobic physical activity was defined as moderate-intensity physical activity performed ≥2.5 hours per week; a high-intensity activity that was done for ≥1.25 hours per week; or a combination of moderate-intensity (2 minutes) and high-intensity (1 minute) physical activity.

Education level was divided into three categories. The first category included participants with less than a middle school education or not knowing or nonresponse. The second and third categories had a middle school education and above, and a high school education and above, respectively. The prevalence of disease was included for those who had been diagnosed by a doctor and those presenting with a disease.

Statistical analysis
--------------------

The KNHANES is a nationwide, cross-sectional health survey that uses a complex sample design to estimate the behaviors of the target South Korean adult population.

General characteristics were compared with the chi-square test. The degree of the association between smoking cessation plans with BMI and general characteristics were expressed as odds ratio (OR) and 95% confidence interval (CI). Factors associated with smoking cessation plans were analyzed using multiple logistic regression. Sample weights were used for all statistical analyses, which was performed with IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA) and verified using the SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). The significance level was *P*\<0.05.

RESULTS
=======

Of the 3,000 adult smokers, 1,104 were obese, 1,086 were in the normal weight range, 700 were overweight, and 110 were underweight. The distribution of smokers was different according to their age. Being underweight accounted for a higher percentage in the lower age group (*P*\<0.001). The proportion of men was significantly greater in smokers with higher BMI. There were significantly more women in the underweight group than the other groups, while being underweight represented the least percentage of men. Participants with high-risk drinking accounted for less than half of all the groups. The higher the BMI, the higher was the risk of alcohol consumption. Regarding education, the number of participants with high school education and above was the greatest. The proportion of hypertension was significantly greater in smokers with a higher BMI, but there were no significant differences in the incidence of other diseases ([Table 1](#t1-jomes-26-281){ref-type="table"}).

[Table 2](#t2-jomes-26-281){ref-type="table"} shows the results of univariate analysis for the association of smoking cessation plans with BMI and general characteristics. The overweight group had fewer smoking cessation plans (OR, 0.756; 95% CI, 0.584--0.979) than the normal weight group. The group who undertook physical activity had a higher prevalence of smoking cessation plans (OR, 1.298; 95% CI, 1.071--1.572) than the non-physical activity group. Compared to patients without diabetes, diabetic patients had 1.43 times more smoking cessation plans (OR, 1.43; 95% CI, 1.016--2.013).

The association between BMI and smoking cessation plans according to sex is shown in [Table 3](#t3-jomes-26-281){ref-type="table"}. Compared to the normal weight group, smoking cessation plans of the other weight groups were fewer in both male and female. In the male, the underweight group was the lowest, while in the women, the least number of smoking cessation plans was in the overweight group. However, the interaction between sex and BMI was not significant (*P*=0.086).

Multivariate analysis showed the significant factors were sex (OR, 0.723; 95% CI, 0.556--0.939), high-risk drinking (OR, 0.796; 95% CI, 0.634--0.998), aerobic physical activity (OR, 1.326; 95% CI, 1.092--1.612), and hypertension (OR, 1.387; 95% CI, 1.034--1.860). According to BMI group, the ORs for smoking cessation plans were higher in the normal weight group than the three other groups, but the difference was not statistically significant ([Table 4](#t4-jomes-26-281){ref-type="table"}).

DISCUSSION
==========

The purpose of this study was to investigate the relationship between BMI and establishment of a cessation smoking plan in Korean adult smokers. Three thousand Korean adult smokers from the sixth KNHANES were analyzed. Previous studies have shown that smokers have a significant weight gain after smoking cessation.[@b3-jomes-26-281],[@b16-jomes-26-281]--[@b20-jomes-26-281] However, there are relatively few studies on obese smokers and normal weight smokers with regard to having a smoking cessation plan.[@b21-jomes-26-281],[@b22-jomes-26-281]

Therefore, it is significant that this study was focused on the association between smoking cessation plans according to BMI in Korean adult smokers. The results revealed a difference in smoking cessation plans according to smoker's BMI. In the normal weight group, smoking cessation plans were made most often, while the other groups had fewer plans for smoking cessation. However, the ORs were not statistically significant. Thus, although previous studies showed that anxiety pertaining to weight gain after smoking cessation was higher in overweight or obese smokers[@b13-jomes-26-281],[@b23-jomes-26-281],[@b24-jomes-26-281], the current findings suggest that normal weight smokers are more likely to have a smoking cessation plan.

The marginally significant values of overweight groups in the univariate analysis were not significant in the multivariate analysis. This finding is interpreted as a result of adjusting what was hidden by other significant factors. Significant factors were hypertension, aerobic physical activity, high-risk drinking, and being male. Hypertension and aerobic physical activity in smokers were linked to more smoking cessation plans compared to the reference group. In contrast, males and high-risk drinking smokers had fewer plans for smoking cessation plans. These results show that individual health behaviors are important considerations when planning smoking cessation.

This study investigated smokers that planned to cease smoking within 1 month. In the preparation stage of smoking cessation, the transtheoretical model of change that describes the dynamic nature of health behavior changes was applied. Each step of the transtheoretical model explains the effects that cognitive and behavioral change processes, decision balances, and self-efficacy have on behavioral change.[@b25-jomes-26-281] In this study, we only evaluated general characteristics. Therefore, it does not elaborate on the relationship between the cognitive and motivational elements of the transtheoretical model. This drawback can be regarded as a primary limitation of using secondary data. It can be said that generalization in Korean adult smokers is possible because representative standardized data are presented in the KNHANES.

Although cessation of smoking can lead to post-cessation weight gain, some benefits are attenuation of hypertension and diabetes.[@b26-jomes-26-281],[@b27-jomes-26-281] Also, increased weight gain after smoking cessation is associated with muscle mass, muscle strength, and bone density, which may have positive effects on skeletal muscle growth and bone mineral density.[@b19-jomes-26-281] Therefore, the benefits of smoking cessation are great. Consideration should be given to lowering weight gain associated with smoking cessation planning. Diet, exercise, and pharmacotherapy for weight control should be considered together as smoking cessation aids. In particular, it is desirable that comprehensive lifestyle habits be improved, given that weight gain after smoking cessation is large in over-drinking and over-smoking subjects.[@b28-jomes-26-281]

In conclusion, this study investigated the relationship between BMI and smoking cessation plans, in Korean adults. Although no significant association was found, it is expected that further research will be done, considering the limitations of this study. Nevertheless, the data suggest that in a clinical setting, it is necessary to consider not only BMI but also other factors associated with a smoking cessation plan.
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###### 

Participant general characteristics (n=3,000)

  Variable                                                         Underweight (n=110)   Normal weight (n=1,086)   Overweight (n=700)   Obese (n=1,104)   *P*^[\*](#tfn2-jomes-26-281){ref-type="table-fn"}^
  ---------------------------------------------------------------- --------------------- ------------------------- -------------------- ----------------- ----------------------------------------------------
  Age (yr)                                                                                                                                                \<0.001
   19--39                                                          58 (52.7)             396 (36.5)                207 (29.6)           435 (39.4)        
   40--60                                                          26 (23.6)             444 (40.9)                333 (47.6)           513 (46.5)        
   \>60                                                            26 (23.6)             246 (22.7)                160 (22.9)           156 (14.1)        
                                                                                                                                                          
  Sex                                                                                                                                                     \<0.001
   Male                                                            69 (62.7)             878 (80.8)                615 (87.9)           968 (87.7)        
   Female                                                          41 (37.3)             208 (19.2)                85 (12.1)            136 (12.3)        
                                                                                                                                                          
  Drinking                                                                                                                                                0.035
   Yes                                                             16 (14.5)             266 (24.5)                186 (26.6)           328 (29.7)        
   No                                                              94 (85.5)             820 (75.5)                514 (73.4)           776 (70.3)        
                                                                                                                                                          
  Exercise^[†](#tfn3-jomes-26-281){ref-type="table-fn"}^                                                                                                  0.905
   Yes                                                             51 (47.7)             512 (50.2)                336 (50.5)           503 (48.3)        
   No                                                              56 (52.3)             508 (49.8)                330 (49.5)           539 (51.7)        
                                                                                                                                                          
  Education^[†](#tfn3-jomes-26-281){ref-type="table-fn"}^                                                                                                 0.011
   \<Middle school^[‡](#tfn4-jomes-26-281){ref-type="table-fn"}^   22 (20.8)             199 (18.8)                117 (17.1)           174 (16.0)        
   ≥Middle school to \<high school                                 15 (14.2)             110 (10.4)                86 (12.6)            83 (7.6)          
   ≥High school                                                    69 (65.1)             752 (70.9)                480 (70.3)           828 (76.3)        
                                                                                                                                                          
  Depression^[†](#tfn3-jomes-26-281){ref-type="table-fn"}^                                                                                                0.698
   Yes                                                             3 (2.8)               28 (2.7)                  12 (1.8)             25 (2.4)          
   No                                                              104 (97.2)            1,000 (97.3)              657 (98.2)           1,025 (97.6)      
                                                                                                                                                          
  Hypertension^[†](#tfn3-jomes-26-281){ref-type="table-fn"}^                                                                                              \<0.001
   Yes                                                             5 (4.7)               117 (11.3)                116 (17.2)           211 (19.9)        
   No                                                              102 (95.3)            920 (88.7)                559 (82.8)           848 (80.1)        
                                                                                                                                                          
  Diabetes^[†](#tfn3-jomes-26-281){ref-type="table-fn"}^                                                                                                  0.250
   Yes                                                             5 (4.7)               78 (7.5)                  56 (8.3)             93 (8.8)          
   No                                                              102 (95.3)            959 (92.5)                618 (91.7)           966 (91.2)        
                                                                                                                                                          
  Dyslipidemia^[†](#tfn3-jomes-26-281){ref-type="table-fn"}^                                                                                              0.068
   Yes                                                             4 (3.7)               55 (5.3)                  54 (8.0)             87 (8.2)          
   No                                                              103 (96.3)            982 (94.7)                621 (92.0)           972 (91.8)        

Values are presented as number (%).

*P*-values were from the chi-square test;

The values include missing values;

Participants with less than a middle school education, not knowing, and nonresponse.

Underweight, BMI \<18.5 kg/m^2^; Normal weight, BMI ≥18.5 to \<23 kg/m^2^; Overweight, BMI ≥23 to \<25 kg/m^2^; Obese, BMI ≥25 kg/m^2^; BMI, body mass index.

###### 

Association of smoking cessation plans with BMI and general characteristics

  Variable                                                         Smoking cessation plan   *P*^[\*](#tfn6-jomes-26-281){ref-type="table-fn"}^   
  ---------------------------------------------------------------- ------------------------ ---------------------------------------------------- ---------
  BMI (kg/m^2^)                                                                                                                                   0.104 
   \<18.5                                                          23 (20.9)                0.645 (0.375--1.109)                                 
   ≥18.5 to \<23                                                   267 (24.6)               1 (Reference)                                        
   ≥23 to \<25                                                     149 (21.3)               0.756 (0.584--0.979)                                 
   ≥25                                                             254 (23.0)               0.853 (0.685--1.062)                                 
                                                                                                                                                 
  Age (yr)                                                                                                                                       0.700
   19--39                                                          245 (22.4)               1 (Reference)                                        
   40--60                                                          302 (22.9)               1.026 (0.833--1.265)                                 
   \>60                                                            146 (24.8)               1.138 (0.862--1.502)                                 
                                                                                                                                                 
  Sex                                                                                                                                            0.091
   Male                                                            575 (22.7)               0.811 (0.637--1.034)                                 
   Female                                                          118 (25.1)               1 (Reference)                                        
                                                                                                                                                 
  Drinking                                                                                                                                       0.085
   No                                                              535 (24.3)               1 (Reference)                                        
   Yes                                                              158 (19.8)               0.825 (0.663--1.027)                                
                                                                                                                                                 
  Exercise                                                                                                                                       0.007
   No                                                              301 (21.0)               1 (Reference)                                        
   Yes                                                             350 (25.5)               1.298 (1.071--1.572)                                 
                                                                                                                                                 
  Education                                                                                                                                      0.202
   \<Middle school^[†](#tfn7-jomes-26-281){ref-type="table-fn"}^   122 (23.8)               1.182 (0.902--1.550)                                 
   ≥Middle school to \<high school                                 74 (25.2)                1.277 (0.922--1.768)                                 
   ≥High school                                                    485 (22.8)               1 (Reference)                                        
                                                                                                                                                 
  Depression                                                                                                                                     0.353
   No                                                              640 (23.0)               1 (Reference)                                        
   Yes                                                             13 (19.1)                0.723 (0.362--1.442)                                 
                                                                                                                                                 
  Hypertension                                                                                                                                   0.065
   No                                                              538 (22.1)               1 (Reference)                                        
   Yes                                                             122 (27.2)               1.301 (0.984--1.721)                                 
                                                                                                                                                 
  Diabetes                                                                                                                                       0.039
   No                                                              591 (22.3)               1 (Reference)                                        
   Yes                                                             68 (29.3)                1.43 (1.016--2.013)                                  
                                                                                                                                                 
  Dyslipidemia                                                                                                                                   0.137
   No                                                              604 (22.6)               1 (Reference)                                        
   Yes                                                             56 (28.0)                1.346 (0.907--1.996)                                 

*P*-values were from the chi-square test;

Participants with less than a middle school education, not knowing, and nonresponse.

BMI, body mass index; OR, odds ratio; CI, confidence interval.

###### 

The association between BMI and smoking cessation plan according to sex

  Sex      BMI (kg/m^2^)            *P* ^[\*](#tfn10-jomes-26-281){ref-type="table-fn"}^                                                   
  -------- ------------------------ ------------------------------------------------------ ------------------------ ---------------------- ---------
  Male      0.519 (0.249--1.081)    1 (Reference)                                           0.755 (0.571--1.000)    0.844 (0.663--1.073)    0.100 
  Female   0.867 (0.374--2.009)     1 (Reference)                                          0.817 (0.420--1.589)     0.996 (0.566--1.754)   0.924

Values are presented as odds ratio (95% confidence interval).

*P*-values were from the chi-square test.

BMI, body mass index.

###### 

Factors associated with smoking cessation plan

  Variable                          Smoking cessation plan    *P*
  -------------------------------- -------------------------- ---------
  BMI (kg/m^2^)                                               0.156
   \<18.5                          0.634 (0.362--1.112)       
   ≥18.5 to \<23                   1 (Reference)              
   ≥23 to \<25                     0.773 (0.587--1.019)       
   ≥25                             0.904 (0.719--1.137)       
                                                              
  Male (reference, female)         0.723 (0.556--0.939)        0.015 
                                                              
  Drinking (reference, non)        0.796 (0.634--0.998)       0.048
                                                              
  Exercise (reference, non)        1.326 (1.092--1.612)       0.005
                                                              
  Hypertension (reference, non)    1.387 (1.034--1.860)       0.029

Values are presented as odds ratio (95% confidence interval) from multivariate analysis by logistic regression and *P*-values.

BMI, body mass index.
